###### What is already known on this topic?

-   Falls are a common mechanism in young children admitted to hospital with head injury.

-   Most are minor head injuries but can be associated with morbidity from post-concussion syndrome.

-   The likelihood of cranial or intracranial damage from different fall mechanisms is ill defined.

###### What this study adds?

-   Abnormal CT scans were identified in 5.9% of the children who had sustained head injury from a fall.

-   The highest risk mechanism of fall for acquiring skull fracture or intracranial injury is an infant who is dropped from a carer\'s arms.

-   These data have the potential to inform prevention to reduce the number of infants and young children who sustain head injuries from falls.

Introduction {#s1}
============

Head injury (HI) from a fall is a leading cause of hospital attendance for young children.[@R1] The majority of these head injuries are minor; however, a small proportion result in intracranial injury (ICI) to the brain or surrounding extra-axial structures.[@R1] In 2011, Hospital Episode Statistics recorded 50 719 finished hospital consultations for children age 0--14 who fell (International Classification of Diseases, 10th revision W00--W19).[@R2] Little is known about the characteristics of falls that have the potential to cause skull fractures or ICI and potential neuropsychological morbidity.[@R3]

The estimated proportion of childhood HIs caused by falls varies from 19%[@R4] to 89%[@R5] with many studies reporting figures between 50% and 70%.[@R6] The prevalence decreases with age, with infants (\<12 months of age) and very young children at the greatest risk.[@R6] [@R9] However, studies are based upon small sample sizes and broad age ranges. They often report falls from the 'same level' or from 'an estimated height'. Some studies with a biomechanical focus do highlight the objects and furniture types involved in falls;[@R10] [@R11] however, small sample sizes prevent generalisation of these results.

There are two schools of thought about the significance of short falls:[@R12] first, they rarely cause fatal HI[@R13] and second, they have the potential to do so.[@R14]

The Confidential Enquiry into Head Injury in Childhood was the principal project within the Centre for Maternal and Child Enquires (CMACE) in 2009. Data were collected from 90% of hospitals in England, Wales, Northern Ireland and the Channel Islands on children treated or observed in hospital inpatient areas. This large dataset provided the opportunity to describe the object fallen from, the neurophysiological status and CT scan findings in children younger than 6 years.

Methods {#s2}
=======

All cases described as falls were extracted from the CMACE dataset of children younger than 6 years of age, admitted to hospital or who died at the scene or en route to hospital as a direct result of an HI between September 2009 and February 2010. Children admitted because of superficial or facial injuries were not included in the original dataset. Cases with insufficient data regarding the mechanism of injury, readmissions and those that were referred to social services for suspected physical abuse where there was uncertainty around the mechanism of injury were excluded. Cases that met clinical guidelines for a CT scan[@R15] but where a CT scan had not been done were also excluded as we could not confirm the outcome.

Data were collected for this cross-sectional study monthly in each hospital using predefined proformas (see online supplementary file 1) by a designated local coordinator. Data from completed forms were entered onto a secure database and duplicate cases were excluded.

The child was classed as a hospital admission if they were admitted to a hospital inpatient setting for 4 h or more. The descriptions of falls were recoded using The European Union Injury Database Coding Manual.[@R16] *Incident place* was coded according to home/private address, school/nursery, public highway/road/street/motorway other, unknown*. Mechanism of injury:* Falls were recoded as 'Falls from standing or sitting' and 'Falls from a height' and subcategorised according to falls from building, building component or related fitting, from person\'s arms, downstairs, from furniture, infant or child product or other. *Object fallen from* were initially categorised in accordance with the coding manual. These categories were then condensed down into six larger categories (see online supplementary file 2) with relevant subdivisions.

The Glasgow Coma Score (GCS) recorded from the emergency department was the primary indicator of neurological status. When missing, the alert, voice, pain, unresponsive (AVPU) scores[@R17] were used. These data were combined to create four categories---'GCS=15/alert,' 'GCS=13--14' 'GCS=9--12/response to voice' and 'GCS ≤8/ response to pain or unresponsive'---as proposed by Mackay *et al*.[@R18] (While Mackay *et al* refer to children older than 5 years, this was the best equivalence study available.) CT scan results were categorised as normal (no abnormality reported on CT scan), isolated skull fracture or intracranial injury (ICI) (injury to the brain or extra-axial structures) with or without skull fracture. Structural anomalies congenital defects and soft tissue injuries were combined with CT normal group. Two coders independently reviewed CT scan results and agreed the categorisation of injury mechanism and objects fallen from.

HIs were classified as 'minor' if a CT scan was performed with a 'normal' result or no CT was performed but the GCS/AVPU score was GCS=15/alert.

Analysis of the dataset {#s2a}
-----------------------

A descriptive analysis used proportions with 95% CIs. The logistic regression analysis (IBM SPSS V.20) was used to calculate the relative odds of sustaining a skull fracture or ICI from each mechanism to a fall from sitting or standing. A general model, including possible influencing covariates, namely mechanism of injury gender, age in years, was applied to the data and by a stepwise approach the statistically non-significant factors were removed from the model. To compare the accuracy of fit of the models, the software calculated fit statistics were used: (model) χ^2^, −2 log-likelihood, overall percentage---the overall per cent of cases that are correctly predicted by the model (IBM SPSS V.20). The best-fitting logistic model results are expressed as ORs, with 95% CIs.

Results {#s3}
=======

The original dataset included 5700 children (ages of 0--15). Of these, 60% (3423) were \<6 years, 76.9% (2634) of whom presented following a fall. In total, 153 cases referred to social services with suspected physical abuse, 11 cases that met criteria for a CT but CT scan was not done and 695 cases with insufficient data regarding the mechanism of injury were excluded. This latter group of cases had the same distribution of age, gender, GCS/AVPU and abnormal CT scan results as the remaining 1775 cases available for analysis ([figure 1](#ARCHDISCHILD2014307119F1){ref-type="fig"}).

![Age of 1775 children who were admitted to hospital after a head injury from a fall.](archdischild-2014-307119f01){#ARCHDISCHILD2014307119F1}

The median age of the children was 18 months (IQR 30 months). There was an inverse relationship between age and number of children who sustained HI from a fall ([table 1](#ARCHDISCHILD2014307119TB1){ref-type="table"}). A slightly greater proportion of HIs occurred in boys (54.7%, n=971) than in girls.

###### 

Number and proportion of children who had a CT scan and CT findings by age

  Children age (years)   No. children who had CT scan   Minor HI\*   Isolated skull fracture   ICI with/without skull fracture   CT scan stated as abnormal but no results given   Total
  ---------------------- ------------------------------ ------------ ------------------------- --------------------------------- ------------------------------------------------- -------
  \<1                    100                            545          36                        20                                2                                                 603
  16.4%                  90.4%                          6.0%         3.3%                      0.3%                              34%                                               
  1                      69                             408          14                        5†                                1                                                 429†
  16.1%                  95.1%                          3.3%         1.2%                      0.2%                              24.2%                                             
  2                      42                             239          3                         7                                 1                                                 250
  16.8%                  95.6%                          1.2%         2.8%                      0.4%                              14.1%%                                            
  3                      50                             192          2                         5                                 0                                                 199
  25.1%                  96.5%                          1.0%         2.5%                      0.0%                              11.2%                                             
  4                      41                             145          3                         3                                 1                                                 152
  27.0%                  95.4%                          2.0%         2.0%                      0.7%                              8.6%                                              
  5                      40                             135          0                         7                                 0                                                 142
  28.2%                  95.1%                          0.0%         4.9%                      0.0%                              8.0%                                              
  Total                  342                            1664         58                        47                                4                                                 1775
  19.3%                  93.7%                          3.3%         2.6%                      0.3%                              100.0%                                            

\*Minor head injury defined when a CT scan was performed with a 'normal' result or no CT was performed but the GCS/AVPU score was GCS=15/alert.

†Two 1 year olds died, one died before having a CT scan and one had ICI on CT.

AVPU, alert, voice, pain, unresponsive; GCS, Glasgow Coma Score; HI, head injury; ICI, intracranial injury.

Injury severity {#s3a}
---------------

A total of 1659 children had a GCS (1245) or an AVPU (414) recorded. Of the total population, 87% (1552/1775) had a GCS of 15 or were alert on AVPU. The length of stay was recorded for 1735 children. The median number of nights admitted was 1 (1005 children), 100 children were admitted for 2--4 nights, 8 for 5--7 days and 4 for more than a week, 616 were observed and sent home the same day. Two children died from their injuries.

CT scan was performed in 19.3% (342). A significantly greater proportion of children aged 3--5 years (26.6% (95% CI 22.9% to 30.6%)) than children younger than 3 years (16.5% (95% CI 14.5% to 18.6%)) had a CT scan ([table 2](#ARCHDISCHILD2014307119TB2){ref-type="table"}). Overall 68% (233/342) had a normal CT, 16.9% (58) had isolated skull fractures, 13.7% (47) had ICI (49% (23) of whom had an associated skull fracture), and 4 were reported as abnormal but details were not given ([tables 1](#ARCHDISCHILD2014307119TB1){ref-type="table"} and [2](#ARCHDISCHILD2014307119TB2){ref-type="table"}). Children younger than a year had the greatest proportion of abnormal CT scans of 58% (58/100), 74.1% (43/58) of which were in children younger than 6 months of age. While the proportion of children with ICI increased with neurological compromise reflected by increased GCS/AVPU, ICI was identified in 12% (31/260) of children with a GCS=15/AVPU=alert who had a CT scan ([table 2](#ARCHDISCHILD2014307119TB2){ref-type="table"}).

###### 

CT outcome for 342 children according to GCS/AVPU score

                              CT: normal   Isolated skull fracture   ICI with/without skull fracture   CT scan stated to be abnormal but no results given   Total
  --------------------------- ------------ ------------------------- --------------------------------- ---------------------------------------------------- -------
  GCS 1 5/AVPU=A              180          45                        31                                4                                                    260
  69.2%                       17.3%        11.9%                     1.5%                                                                                   
  GCS 13--14                  29           7                         6                                 0                                                    42
  69.0%                       16.7%        14.3%                     0.0%                                                                                   
  GCS 9--12/AVPU=V            10           1                         4                                 0                                                    15
  66.7%                       6.7%         26.7%                     0.0%                                                                                   
  GCS 8 or less/AVPU P or U   4            1                         5                                 0                                                    10
  40.0%                       10.0%        50.0%                     0.0%                                                                                   
  Missing                     10           4                         1                                 0                                                    15
  66.7%                       26.7%        6.7%                      0.0%                                                                                   
  Total                       233          58                        47                                4                                                    342
  68.1%                       17.0%        13.7%                     1.2%                                                                                   

AVPU, alert, voice, pain, unresponsive; GCS, Glasgow Coma Score; ICI, intracranial injury.

Also, 62 of the 81 skull fractures were simple linear fractures (41 parietal/temporal, 6 frontal, 11 occipital, 2 basal, 2 location not recorded), 13 were complex fractures (5 bilateral and 7 depressed fractures, 1 multiple). In six cases, neither the site nor type was specified. There was no difference between the distribution of fracture type or site between the children who had coexisting ICI. Twenty-three children had fractures with ICI, in 22 there were underlying extra-axial haemorrhage, contusions were described in 2 cases and cerebral oedema in 1. In the 24 children with ICI but no skull fractures, the ICI included contusions (5), intracranial haemorrhage (3), extra-axial haemorrhage (15) and cerebral oedema (1).

Characteristics of the causal event {#s3b}
-----------------------------------

The majority (74.1% (1316/1775)) of HIs occurred in the home. Falling from a height accounted for 74.5% (1322/1775). Children who fell from a height were more likely to sustain skull fractures or ICI than those who fell from standing (7.4% (98/1322) vs 2.7% (12/453)). The calculated relative OR of this relationship was 2.9 (95% CI 1.6 to 5.4). There was a relationship between the age of the children and the mechanism of injury; young babies fell or were dropped from a carer\'s arms, toddlers who fell down the stairs or from furniture had a median of 18 months, 1 year olds fell from an infant product while the older children fell from standing or from walls, windows, shopping trolleys, and so on ([table 3](#ARCHDISCHILD2014307119TB3){ref-type="table"}).

###### 

CT outcome by mechanism with relative 95% CI of sustaining a skull fracture or intracranial injury (ICI) from each mechanism compared with a fall from sitting or standing

  Mechanism                                         Median age years (IQR)   CT: normal      CT: skull fracture   CT: ICI with/ without skull fracture   CT: abnormal scan/died   Total   Odds ratios of skull fracture or ICI to fall from standing/sitting   p Value
  ------------------------------------------------- ------------------------ --------------- -------------------- -------------------------------------- ------------------------ ------- -------------------------------------------------------------------- ---------
  Persons arms                                      0.3 (1.1)                196 (84.1%)      21 (9%)              15 (6.4%)                             1 (0.4%)                 233     6.94 (3.54 to 13.6)                                                  \<0.001
  Building, building component or related fitting   3.2 (2.6)                 43 (84.3%)     2 (3.9%)             5 (9.8%)                               1 (2%)                   51      6.84 (2.65 to 17.6)                                                  \<0.001
  Other                                             3.3 (2.5)                 52 (92.9%)     2 (3.6%)             1 (1.8%)                               1 (1.8%)                 56      2.83 (0.89 to 9.09)                                                   0.081
  Infant or child product                           0.9 (2.8)                334 (93%)        17 (4.7%)           8 (2.2%)                               0                        359     2.75 (1.36 to 5.56)                                                   0.005
  Furniture                                         1.5 (1.8)                388 (95.8%)     8 (2%)               7 (1.7%)                               2 (0.5%)                 405     1.61 (0.76 to 3.41)                                                   0.214
  Stairs                                            1.5 (1.3)                211 (96.8%)     2 (0.9%)             5 (2.3%)                               0                        218     1.22 (0.47 to 3.14)                                                   0.682
  Standing/sitting                                  2.4 (2.8)                 441 (97.4%)    6 (1.3%)             6 (1.3%)                               0                        453                                                                          
  Total                                                                       1665 (93.8%)    58 (3.3%)            47 (2.6%)                             5 (0.3%)                 1775                                                                         

Infant product included cot, Moses basket, high chair or pram.

Building or building component included wall, window attic, balcony/banister/gallery/stage, bathroom furnishings, gate, patio.

The three mechanisms with the greatest proportions of abnormal CT were falls from (1) a person\'s arms, (2) building or building component (11 from a wall, 19 from window, 6 from attic, 6 balcony/banister/gallery/stage, 6 from bathroom furnishings or gate, 3 from patio) and (3) an infant or child product. Stepwise elimination of co-covariates in the logistic regression model resulted in only the mechanism of injury remaining in the model. The relative ORs for sustaining a skull fracture or ICI were significantly greater than a fall from standing or sitting, namely 6.94 (95% CI 3.54 to 13.6), 6.84 (95% CI 2.65 to 17.6) and 2.75 (95% CI 1.36 to 5.65), respectively ([table 3](#ARCHDISCHILD2014307119TB3){ref-type="table"}). A child who fell from a carer\'s arms down the stairs had a greater chance (23.3% (95% CI 13.2% to 37.8%) (10/43)) of sustaining a skull fracture or ICI compared with those who were dropped on to the floor (14.2% (95% CI 10% to 19.9%) (27/190)).

[Figure 2](#ARCHDISCHILD2014307119F2){ref-type="fig"} outlines the reported objects that 1775 children had fallen from. With the exception of falls from a carer\'s arms, from a building or an infant child product, there were no significant statistical differences in the proportion of abnormal CT findings among any of the other categories.

![Object fallen from for 1775 children admitted to hospital with a head injury from a fall.](archdischild-2014-307119f02){#ARCHDISCHILD2014307119F2}

Discussion {#s4}
==========

The greatest proportion of the children who were admitted to hospital following an HI from a fall were younger than 1 year. One-fifth of the children had a CT scan to confirm or exclude ICI. One-third of which had an abnormality reported, equivalent to 5.9% of the overall population studied. The most common abnormal finding was a skull fracture, most commonly a simple linear parietal fracture, a proportion (1 in 4) of these had an underlying extra-axial haemorrhage. Few children sustained an ICI without skull fracture. These findings are similar to those of Dietrich *et al*[@R19] and to a recent publication by Thomas *et al*[@R20] for children younger than 2 years old. The latter study identified 'isolated skull fractures' in 19.5% of children who had neuroimaging for head injuries and focal intracranial haemorrhage in 15.4%. Although the study included all mechanisms of injury, 82% of the series were from falls.

The highest rate of abnormal CT scans was evident in infants who fell from a parent\'s arms, a finding consistent with other studies.[@R5] [@R21] [@R22] The likelihood of an abnormal CT scan was greater for children dropped on the stairs compared with those dropped on to the floor. By contrast, falls down stairs, which were one of the most common reasons for hospital admission, resulted in a low prevalence of skull fracture or ICI.

The strength of this study is the large national dataset and representative sample. The data were limited to hospital admissions and are likely to be biased by injury severity, clinical decisions to admit cases and variation in admission policy and facilities across the UK. While there were clear national HI guidelines in place at the time of the study,[@R15] adherence to guidelines varied and results could only be based on the CT findings according to the level of investigations undertaken. The study does not include the many children who were assessed in the emergency department and discharged home. Children referred to social services were excluded due to uncertainty about mechanism, some of which may have been genuine falls once child protection investigations were completed, but this information was not available to us. Equally it is possible that the dataset includes unrecognised cases of physical abuse. Data were collected over a 6-month winter period and are likely to have missed the summer peak incidence or seasonal variation in injury type.[@R4]

Much of the information processed and coded was written in free text, creating an element of subjectivity when categorising data. The data had been collected from \>200 hospitals, and the quality of data entry varied. However, after exclusion of cases with poor data quality, we are confident that the dataset represents a cross section of falls in preschool children who were admitted to hospital. Although the Injury Database manual was used as a coding standard for consistency, the manual is not designed specifically for falls and was thus adapted for the population studied to include some of the emergent categories.

The increased likelihood of a skull fracture or ICI from a fall from height compared with falling from standing height was unsurprising. The height of a fall in this study was estimated in terms of the nature of the item fallen from, and this is frequently all that the clinician has to inform a clinical assessment when assessing the likelihood of cranial or intracranial structural damage.

Estimating a fall height threshold for serious HI is a debated topic.[@R10] [@R13] [@R23] [@R24] In 1991, Williams described how infants who fell from \<10 ft (3 m) were unlikely to sustain serious injuries (intracranial haemorrhages, cerebral oedema, depressed skull fractures and compound or comminuted fractures),[@R23] while in 2008 Chadwick *et al*[@R13] published a systematic review estimating a mortality rate of \<0.48 deaths per one million children in the USA for children involved in short falls of \<3 ft (\<1 m). In 2012, Ibrahim *et al*[@R10] acknowledged that falls from a greater height could result in incrementally more serious injury but suggested that there are multiple factors to consider such as the angle of the fall, impact and landing position of the child (all beyond the scope of this study). Although we were unable to make height estimates, our results show a lower proportion of skull fractures or ICI after a fall from standing or from low-height furniture than from falls from windows and other building components, or from a carer\'s arms.

Most infant falls are short vertical falls;[@R22] however, being dropped may result in a child being released at an angle causing a non-linear fall and rapid angular deceleration on impact with the ground.[@R25] The biomechanics involved when a child that is dropped down the stairs is complex. We hypothesise that the height of the initial fall before contact with the stairs increases the momentum with which the child continues to tumble down the stairs, increasing the complexity of the fall and the likelihood of sustaining a skull fracture or ICI. The proportion of children who sustain a skull fracture or ICI after falling down the stairs without being dropped was considerably lower (3.4% vs 26.2%). This mechanism has been described as a series of short falls between each individual step.[@R26] There is a culture of anxiety concerning children falling down stairs. A retrospective study estimates that a child under the age of 5 is seen every six minutes for a stair-related fall in US emergency departments.[@R27]

This study extends our understanding of HI from falls and the risk of skull fracture or ICI given the age of the child and item fallen from. It identifies the dangers of dropping children while confirming that low height falls, including simple stair falls, rarely cause impaired consciousness, skull fractures or ICI. The findings have the potential to inform HI clinical decision rules about falls that warrant a CT scan. Currently, this varies from a fall of 3 ft or more or five stairs (Canadian Assessment of Tomography for Childhood Head Injury),[@R28] falls that exceed 0.9 m for children younger than 2 years or \>1.5 m (5 ft) for older children (Pediatric Emergency Care Applied Research Network)[@R1] to falls that exceed 3 m (Children\'s Head Injury Algorithm for the Prediction of Important Clinical Events).[@R29] Child protection specialists can apply the findings to inform decisions about the plausibility of injury explanations when assessing infants and young children with suspected physical abuse. Prevention initiatives should stress the importance of carrying children safely, particularly while going up and downstairs.
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